Chronic stress has been known as a main cause for human mood disorders. The understanding of the pathogenesis of the mood disorders are primarily based on the usage of animal models. Low reproducibility and complicacy of production are commonly known shortcomings in the current models with chronic stress. Here, we tested a simple stress paradigm, daily exposure of 6-min tail-suspension (TS), in modelling chronic stress-induced mood disorders in mice. We found that after 2-3-weeks of TS stress mice displayed a significant decrease in exploratory behavior, increases in anxiety-like and depression-like behaviors as well as significant decreases of NeuN and GFAP levels in the hippocampus. We also found that longer exposure of mice to TS stress (up to 4 weeks) resulted in significant adaptation of these responses and reversal of most of the behavioural and biochemical changes. This study suggests that chronic TS stress for 2-3 weeks could be used as a model of mood disorders.
Introduction
A close relationship between stress and mood disorders has been well known for more than 20 years [1, 2] and a substantial body of evidence exists to suggest that mood disorders are frequently preceded by long-term stressful life events. Consequently, many studies have used various stress paradigms in rodents to reproduce the human condition, which include unpredictable chronic mild stress (UCMS) [3, 4] , chronic restraint stress (CRS) [5] and chronic social defeat stress (CSDS) [6] .
Animal models based on different chronic stress paradigms have been widely used for understanding the pathogenesis or drug development of mood disorders; and low reproducibility and complex or time-consuming producing protocol are commonly seen in the current animal models. For example, the most frequently used UCMS paradigm which has been widely applied to numerous strains of rodents have over 10 different stressors and also various stress durations including 14-day [7, 8] , 21-day [9, 10] 28-day [11, 12] , 35-day [13] , 42-day [14, 15] , 49-day [16] and 56-day [17, 18] protocols. The diverse of UCMS protocols suggests a fact of difficulty to reproduce the model that was confirmed by our previous study, in which we found a time-dependent recovery of behavioural and biochemical changes after 8 weeks of UCMS stress [19] . Similar issues also apply to the other existing chronic stress models.
In the present study, we tested a new animal model by daily exposing the mice with a 6-min tail-suspension stress for 1, 2, 3 or 4 week(s), and examined the exploratory, anxiety-like and Research Chun-Sheng Ruan placed in the center of an open arena (50 cm long × 50 cm wide × 50 cm high), and allowed to move feely for 5 min. Exploratory behaviors [20] [21] [22] as indicated by the travelling distance, turn angle of the body, rearing numbers and percentage of time spent in immobility; and anxiety-like behaviors [23, 24] as indicated by decreased entries to the central zone and the percentage of time spent in the central zone, were recorded and analyzed by ANY-maze (Stoelting, Wood Dale, IL, USA) through a digital camera.
Forced swimming test (FST):
FST was performed as previously described [19] . Briefly, animals were placed into a transparent Plexiglas cylinder (25 cm high; 16 cm diameter) containing water (15 cm high; 23-25℃), and allowed to swim for 6 min. The climbing behavior in the first 2 min and the immobile behavior in the last 4 min [25, 26] were recorded by a digital camera and manually analyzed. Depression-like behaviors were indicated by decreased climbing and increased immobile activities.
Sample preparation and Western blotting
Each group of animals was humanely killed on the next day after their last behavioural testing. After the brain was perfused with ice-cold PBS, the hippocampal tissues were isolated and stored at -80℃. Sample preparation and Western blot were performed as previously described [19] . Briefly, tissues were homogenized in RIPA buffer (50 mM Tris-HCl, pH 7.5, 150 mM NaCl, 1% Triton X-100, 0.5% Sodium deoxycholate and 0.1% SDS) containing protease inhibitor cocktail (Roche, Basel, Switzerland) at 4℃ for 1 h. The lysates were centrifuged at 12,000 rpm, 4℃ for 15 min, and the supernatants harvested. Protein was quantified and denatured (heated at 95℃ depression-like behavioural changes as well as the protein level of brain cell markers, NeuN and GFAP.
Materials and Methods

Animals
Experiments were performed on 30 male C57BL/6 mice, 8-10 weeks old, with initial weight of 21-25 g. C57BL/6 breeders were purchased from the Vital River Laboratories (Beijing, China) and bred in the animal house of the Kunming Medical University (KMU). All breeding animals were socially-housed (no more than 5 animals per cage) with water and food freely accessed under standard housing conditions. All experimental procedures involving animals were conducted within 7 a.m. to 7 p.m., in accordance with the National Institutes of Health Guide for the Care and Use of Laboratory Animals and approved by the Department of Laboratory Animal Science of KMU. All animals were acclimatized to the housing environment for a week before being subjected to behavioural tests and stress protocols. In order to minimize the variance of baseline behaviors among groups, animals in each group were randomly and selectively grouped based on their performance of baseline behavioural tests.
Chronic tail suspension (TS) stress
A 6-min TS [20] was daily applied as a stressor to each mouse for 1, 2, 3 or 4 weeks (n = 6 for each group, Figure 1) . Meanwhile, another 6 mice were set as a control group which did not get exposed to TS stress.
Behavioural tests
Open field test (OFT).
OFT was performed as previously described [19] . Briefly, animals were A Pilot Study in Modeling Mood Disorders in Mice by Chronic Tail-Suspension Stress for 5 min) and the samples separated on a 10 % SDS-PAGE gel. The proteins were transferred to PVDF membrane (Millipore, Billerica, MA, USA) for 2 h at 400 mA. The membranes were blocked with 5% skim milk at room temperature for 1 h and then incubated with mouse antiNeuN (#MAB377; Millipore, Billerica, MA, USA) or rabbit anti-GFAP (#ab7260; Abcam, Cambridge, UK) at 4℃ overnight, and then incubated with HRP-conjugated secondary antibodies (CWBIO, Beijing, China) at room temperature for 1 h. Three washes with TBST were performed after incubation with each antibody. ECL substrate (CW0049C; CWBIO, Beijing, China) was applied before imaging on ChemiDoc XRS System (Bio-Rad, Hercules, California , USA). Data were analyzed using Image J software (NIH, Bethesda, MD, USA).
Data analysis
All data are presented as mean ± standard error of the mean (SE) and analyzed by IBM SPSS Statistics 21. One-way ANOVA was used to compare the difference among groups, and leastsignificant difference (LSD) post-hoc test was used for pairwise comparison after ANOVA. P<0.05 was considered statistically significant.
Results
Time-dependent changes in exploratory and anxiety-like behaviors after chronic TS stress
Studies have suggested that adaptation to chronic stress can significantly affect the quality of the stress-induced animal models of mood disorders [19, 27] ; however, the time point when adaptation may occur is impossible to predict for each model due to numerous variables used in different studies. In this work, we employed a tail suspension (TS) stress as a physiological stressor and examined if the adaptation process will take place in C57BL/6 male animals exposed to chronic TS stress (TS for 6 min daily, as shown in Figure 1 ) within 4 weeks. Our data (Figure 2A , P<0.01; Figure  2B , P<0.0001; Figure 2C , P<0.01; Figure 2D , P<0.0001; One-way ANOVA) showed that mice experiencing TS stress for 2 or 3 weeks showed significant decreases in the travelling distance (Figure 2A , TS-2wk, P<0.01; TS-3wk, P<0.05; LSD), turn angles of the body ( Figure  2B , TS-2wk, P<0.0001; TS-3wk, P<0.01; LSD); and a significant increase in the percentage of time spent in immobility ( Figure 2D , TS-2wk, P<0.0001; TS-3wk, P<0.001; LSD) in OFT compared to the baseline behaviors measured before initiation of the chronic stress protocol. In addition, mice also showed a significant decrease in the rearing numbers in OFT after TS stress after 2 but not 3 weeks (Figure 2C , TS-2wk, P<0.001; LSD). However, mice under TS stress for 4 weeks did not show significant differences in the above parameters relative to the baseline (Figures 2A-D (Figure 2E-F) . These results indicate that chronic TS stress for 2-3 weeks increases the anxiety-like behaviors but further exposure to TS leads to reduction of these behaviors in mice back to basal levels.
Time-dependent changes in depression-like behaviors after chronic TS stress
FST data (Figure 3A , P<0.0001; Figure  3B , P<0.01; One-way ANOVA) showed that mice exposed to 1-4 weeks of TS stress showed significant decreases in the percentage of time spent for climbing ( Figure 3A , TS1wk, P<0.0001; TS-2wk, P<0.0001; TS-3wk, P<0.0001; TS-4wk; P<0.01; LSD) in the first 2 minutes. Moreover, mice experiencing TS for 3-4 weeks also showed significant increases in the percentage of time spent in immobility ( Figure  3B , TS-3wk, P<0.01; TS-4wk, P<0.05) in the last 4 minutes. These results indicate that chronic TS stress for 3-4 weeks increases the depressionlike behaviors in mice.
Time-dependent changes in neuronal and glial markers after chronic TS stress
Animals from each group were humanely killed Research Chun-Sheng Ruan on the next day after their last behavioural tests. On completion of all experimental groups, the levels of NeuN and GFAP were detected in the hippocampal tissues by Western blot. We have found that mice under chronic TS stress for 1-4 weeks showed significant decreases in NeuN levels compared to the control group (Figure 4A, P<0.0001; One-way ANOVA; TS-1wk, P<0.05; TS-2wk, P<0.001; TS-3wk, P<0.001; TS-4wk, P<0.05; LSD); however, the decreases by week 4 were significantly smaller in comparison to those by weeks 2 and 3. Moreover, mice under TS stress for 2-3 weeks (but not 4 weeks) also showed significant decreases in GFAP levels relative to the control group (Figure 4B , P<0.05; One-way ANOVA; TS-2wk, P<0.05; TS-3wk, P<0.01; LSD). These results indicate that chronic stress for 2-3 weeks decreases the NeuN and GFAP levels; however further exposure to TS for up to 4 weeks results in partial or full recovery (correspondingly) of their levels in mice.
Discussion
In the present study, we have investigated time-dependent changes in behaviour and neurochemical markers after chronic TS stress in mice to provide evidence that such approach can be valuable when establishing a model of mood disorders. We have found that mice exposed to TS for 2-3 weeks showed the most pronounced changes in exploratory, anxiety and depressionlike behaviour. However, further exposure to TS for up to 4 weeks showed a significant reversal of most of these changes (except for the depressionlike behaviour in FST). A similar pattern was also found for biochemical data showing that mice exposed to TS for 2-3 weeks had the most significant decreases in NeuN or GFAP levels in the hippocampus; however, mice with continuous exposure to TS for 4 weeks showed a significant reversal in the levels of these cell markers during week 4. Importantly, this model produced the behavioural and neurochemical outcomes similar to the previously published data in other, well established, stress-induced rodent models of mood disorders. We have found that the chronic TS stress causes negative mood-related behaviours such as decreases in exploratory behaviour and increases in anxiety-like behaviour in OFT as well as increases in depression-like behaviour in FST. These results are consistent with the previous findings in mice under different chronic stress protocols such as UCMS [12] , CRS [28, 29] or a combined protocol of CRS and chronic TS [20] . The present study also shows that chronic TS stress causes loss of neuronal and astrocyte markers in the hippocampus, one of the most vulnerable areas in the brain in response to stress [7] . We have found that mice under 2-3 weeks of chronic TS stress showed significant decreases in NeuN and GFAP levels; this could be due to downregulation of the corresponding proteins, the impaired hippocampal neurogenesis [30] , increased cell death [31] or dysregulation of immune system [32] caused by repeated TS stress. Our findings are consistent with most of the studies using different chronic stress protocols showing similar changes in the expression of NeuN and GFAP [33] [34] [35] .
The present study also shows that most of the stress-induced behavioural and biochemical alterations are diminished specifically after 3 weeks of chronic TS stress. We found that at week 4 of chronic TS stress protocol, mice showed a significant reversal of chronic TSinduced changes in exploratory and anxiety behaviors (although the depression-like behaviors were still persisting into week 4). These results suggest that mice developed adaptation to the TS stress after 3 weeks of continuous exposure to stress (especially with regards to anxiety and exploratory behaviours); however, the depressionlike behaviour was still observed at week 4. The reason why depression-like behaviours were Research Chun-Sheng Ruan recovered much slower than exploratory and anxiety-like behaviours is not known, which suggests a different mechanism in mediating depression-like behaviours, or the damage to brain area related to this behaviours is recovered slower. Thus, longer exposure may be required if the researchers are specifically interested in the depression-like behaviours in this model. Other behavioural tests to investigate the depressionlike behaviours to confirm our results at week 4 in this model may also be required. Similarly, NeuN and GFAP levels in the hippocampus were restored significantly (partially or completely) at week 4 of the stress protocol suggesting that the adaptation phenomenon was taking place by week 4 for these specific markers. As for why the protein level of GFAP but not NeuN was completely reversed after 4 weeks of stress, this is likely due to the fact that the regeneration of neurons is much slower or difficult than glial cells.
To conclude, in the present study we have successfully established a new chronic stress model by daily exposing mice to TS stress for 2-3 weeks. Longer exposure to TS stress results in significant restoration of most behavioural and neurochemical changes. Future studies will be performed to further validate this model.
